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(57) Abstract: The present invention relates to selected 
4-imino-N-afkoxy-polyalkyl-peperidine compounds preparation, a 
polymerizable composition comprising a) at least one ethylcnically 
unsaturated monomer and b) a 4-imino-N-aIkoxy-polyalkyl-pipcri- 
dine compound. Further aspects of the present invention are a process 
(|) tor polymerizing ethylcnically unsaturated monomers, and the use 
of 4-imino-N-alkoxy-polyalkyl-piperidine compounds for controlled 
polymerization. The intermediate N-oxyl derivatives, a composition 
of the N-oxyl derivatives with ethylcnically unsaturated monomers 
and a free radical initiator, as well as a process for polymerization are 
also subjects of the present invention. 
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However none of the nitroxide and nitroxylether compounds, in particular none of those 
described as regulators/initiators for controlled radical polymerization have a 4-imino 
substituted. 

Surprisingly it has now been found that the 4-imino 2,2,6,6-tetraalkylpiperidine derivatives of 
the present invention are of particular industrial value, since they can be prepared in high 
yield and purity even considering large production quantities. 

The imino structure in 4 position ensures high thermal stability which is important for storage, 
particularly at elevated temperatures. 

The compounds exhibit an unchanged initiating/regulating activity even after storage at 
elevated temperatures as for example used in conventional stability tests. 

Another problem associated with nitroxyl or nitroxyl ether mediated free radical polymeri- 
zation is the formation of a significant color of the resulting polymer The compounds of the 
present invention which have a imino structure in 4-position impart significantly less color to 
the polymer compared to other prior art compounds of similar structure. 

In some cases either the end product or at least an intermediate product is of crystalline form 
and therefore can be easily purified by conventional recrystallization. 

The 4-imino group surprisingly leads to slightly higher monomer to polymer conversions in 
some cases as compared to the corresponding 4-oxo group. 

The steric hindrance introduced by ethyl groups instead of methyl groups in the 2 and/or 6 
position further leads to an increased initiating activity and control of polymerization. 

Furthermore, when the 4-hydroxylamine substitution is left as such, it is possible to react the 
OH group, when the polymer is already formed, to produce telechelics. 

One subject of the invention is a compound of formula (I) 
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0 N W N 



or g 3 G] 



Y— R, 



(I) wherein 



G, G 2l G3 and G 4 are independently Chalky, or G, and G 2 together and G 3 and G 4 
togethe.orG ;,and G 2 together or G 3 and G 4 together are pentanethyiene; wherein.when 
G„ G, G 3 and G 4 are Cl -C 4 alkyl, at least one is higher alkyl than methyl- 
G 5 andG 8 areeachindependentlyoftheotherhydrogenorC 1 -C 4 alkyl; ' 
n Is 1,2, 3, or 4 



R isH To T " ! 1 ^ rePreSen ' S *" " ^ Y * ad *^ a •«* 

K 2 is H, C-Caalkyl or phenyl; . 

if n is 1 

R, teH, straight o, branched 0,-0,.** c.-C.atKeny! or C^ny,, which may te 
CrC.jCydoalkylorCrC.jCydoalkenyl; 

Phenyl C^heny^Ky, or naphtt^, which may be unaubsmuled or substituted by ene er 
mora C-CatKy,. halogen. OH, C,^,, k oxy. oartoxy. C-Calkoxyeartonyt 

aTora^" 31 " 1 "' ^ ^ -*■*» «* 5 carton 

atoma or of an aromatic oarboxylic add having 7 to 16 oarton atoms- 

•S0.-0- P0 (aQ1 , .p (0)( OR , k . SOrR , -CO-NH-Rj, -CONH, COOR, orSi,Me, 
«*era,nQ-,aH-,amn,nonium or an alkali metal cation; 

if n is 2 

s R u«u!'*r' ene ' C> - C " alken> ' ene » c »-=..*ny.ene. which may be unaubstoted or 
substeued. by one or more OH, C,-C,a,KOxy. cartoxy. C.^aikoxycartonyl- 
orxylylene.or y ' 

R, , a biaaey, radical of an aliphalie dicartoxylic acid having 2 to 36 carte atoms, or a 
cycloalrphata or aromatic dicartoxylic add having 8-14 carbon atoms; 
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if n is 3, 

R, is a trivalent radical of an aliphatic, cycloaliphatic or aromatic tricarboxylic acid; 

if n is 4. R, is a tetravalent radical of an aliphatic, cycloaliphatic or aromatic tetracarboxylic 
acid; and 

X is selected from the group consisting of 



-CH 2 -aryl, 



H 3 C 

alkyl(C r C 18 )— C-aryl , -CH 2 -CH 2 -aryl, alkyl(CVC ie )— ^— aryl i(Cr 



C 6 cycloalkyl) 2 CCN. (C-C^alkyD.CCN, -CH 2 CH=CH 2> (C-C^Jalkyl-CR.o-CtOHC-C^alkyl, 
(C r C l2 )alkyl-CR 2 o-C(OHC 6 -C 10 )aryl,(C r C 12 )alkyl-CR 2 o-C(OHC r C 12 )alkoxy, (C,-C 12 )alkyl- 
CR.o-CPJ-phenoxy, (CrCJalkyl-CR^OJ-N-ditC-C^alkyl, (C 1 -C 12 )alkyl-CR 20 -CO-NH(C 1 
C 12 )alkyl, (C 1 -C 12 )alkyl-CR 20 -CO-NH 2l -CH 2 CH=CH-CH 3 , -CH 2 -C(CH 3 )=CH 2 . 

-CH 2 -CH=CH-phenyl. _ C H -C^ , 3-cyclohexenyl, 3-cyclopentenyl, f 1 , 

2 O ^ 



, wherein 



R 20 is hydrogen or C,-C 12 alkyl; 

the alkyl groups are unsubstituted or substituted with one or more -OH, -COOH or-CfOR* 
groups; and 

the aryl groups are phenyl or naphthyl which are unsubstituted or substituted with C,-C 12 alkyl. 
halogen, C,-C 12 alkoxy, C-C^alkylcarbonyl, glycidyloxy, OH, -COOH or -COO(C,-C 12 )alkyl. 



C-C^alkyl can be linear or branched. Examples are methyl, ethyl, propyl, isopropyl, butyl. 2- 
butyl, isobutyl. t-butyl, pentyl, 2-pentyl, hexyl, heptyl. octyl, 2-ethylhexyl, t-octyl, nonyl, decyl, 
undecyl, dodecyl or octadecyl. Where up to C 36 alkyl is possible. C,-C ie alkyl is preferred. 
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AJkyl substituted by a grouD -conn ; c t~ 
Hydroxyl-oralkoxycarbonylsubslilutedC-c dcrir.nh. , 

ess rr • — — — ~* 
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If R, is a trivalent radical of a tricarboxylic acid, it is, for example, a trimellitoyl, citryl or 
nitrilotriacetyl radical. 

If R, is a tetravalent radical of a tetracarboxylic acid, it is, for example, the tetravalent radical 
of butane-1 ,2,3,4-tetracarboxylic acid or of pyromellitic acid. 

Preferably n is 1 or 2 and more preferably n is 1. 

Preferably at least one of G„ G 2 , G 3 or G 4 is ethyl or propyl, in particular ethyl. 
Preferably X is selected from the group consisting of 

-CH 2 -phenyl, CH 3 CH-phenyl, (CH 3 ) 2 C-phenyl, (C 5 -C 6 cycloalkyl) 2 CCN, (CH 3 ) 2 CCN, 



-CN i -CH 2 CH=CH 2 , CH 3 CH-CH=CH 2 (C r C 8 alkyl)CR 20 -C(O)-phenyl, (C,- 



■20 

l 2 . 



C8)alkyl-CR 20 -C(O)-(C 1 -C8)alkoxy,(C 1 -C 8 )alkyl-CR 20 ^(O)-(C 1 -C 8 )alkyl, (C^alkyl-CR; 
C(0)-N-di(C 1 -C e )alkyl, (CrC^alkyl-CR^-C^-NHCC-CJalkyl, (C 1 -C e )alkyl-CR 20 -C(O)-NH ; 
wherein 

Rzo is hydrogen or (C,-C 8 )alkyl. 

Particularly preferred is when X is selected from the group consisting of 
-CH 2 -phenyl, CH 3 CH-phenyl, (CH 3 ) 2 C-phenyl, (C 5 -C 6 cycloalkyl) 2 CCN, (CH 3 ) 2 CCN. 



f -CN . -CH 2 CH=CH 2 , CH 3 CH-CH=CH 2 (C-^alkyOCRM-CfO-phenyl, (C r 

C 4 )alkyl-CR 20 -C(0)-(C 1 -C 4 )alkoxy l (C 1 -C 4 )alky|.CR 20 -C(OHC 1 -C 4 )alkyl, (CrC^alkyl-CRa,- 

CfOJ-N-dKC-CJalkyl. (C,-C 4 )alkyl-CR 20 -C(O)-NH(C r C 4 )alkyl. (CrCJalkyl-CR^OJ-NH,, 
wherein 

R» is hydrogen or (C,-C 4 )alkyl. 

The most preferred substituent is CH 3 -CH-phenyl. 
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In a particularly preferred embodiment of the Invention at least one of G,, G. G,andG is 
ethy, and the othere are methy, and G s and G, are each independent., o, the other hydrogen 
or methyl. y 

Preferably Y is O. 

A preferred group of compounds is. wherein G, and G 3 ere methy. and G 2 and G 4 are ethyl or 
1 and G 2 are methyl and G3 and G 4 are ethyl; 

G s and G 6 are each independently of the other hydrogen or methyl- and 
Yis O; 

n is 1 

R, is H, straight or branched C r C 18 alkyl or C 3 -C 18 alkenyl; 
C s -C 12 cycloalkyl or C s -C 12 cycloalkenyl; 

Phenyl. C^phenylalky. or naphthy. which may be unsubstituted or substituted by one or 
more (VCalkyl. halogen. OH. CVCalkoxy; or 

-CfOHVC.a.kyl. or an acy. moiety of a a.p-unsaturated carboxylic acid having 3 to 5 carton 

atoms or of an aromatic carboxylic acid having 7 to 15 carbon atoms; 

and; 

X is selected from the group consisting of 

-CH 2 -phenyl. CH 3 CH-phenyl, (CH 3 ) 2 C-pheny., (C 5 -C 6 cydoalk y l) 2 CCN. (CH 3 ) 2 CCN. 
<^y-CN . -CH 2 CH=CH 2t CH 3 CH-CH=CH 2 (C 1 -C 4 a.ky.)CR 20 -C(O)- P henyl. (C r 

aT^^^' (^^MOHC^, (C-C.a.kyl-CR^ 
wherein v ' 21 

R20 is hydrogen or (C,-C 4 )alkyl. 



Preferred individual compounds are: 
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or 




Particularly preferred are 

^^H,^^^ oxime ^ 

cja.Z-DiethyW.e-dimethyM.d-phenyi-ethoxy)- 
Table 1). 

oximino-piperidine (comjpound 



Table 1). -.-P«peridine^.one oxime (compound 104, 



105, Table 1) or 
l^b^ 



A ^her su,ect of the Mention is a polymeria composition, com P n Sing 
b) a compound according to formula (I) 



G 3 G 5 



(I) wherein 
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G s and G 8 are each independently of the other hydrogen or C,-C 4 alkyl; and 

X represents a group such that the free radical X» derived from X is capable of initiating 

polymerization of ethylenically unsaturated monomers; 

n is 1,2, 3, or 4 

Y is O, NR 2 or when n is 1 and R, represents alkyl or aryl Y is additionally a direct bond; 
R 2 is H, C,-C 18 alkyl or phenyl; 

If n is 1 

R, is H, straight or branched C,-C 18 alkyl, C 3 -C 18 alkenyl or C 3 -C 18 alkinyl, which may be 
unsubstituted or substitued. by one or more OH, C,-C 8 alkoxy, carboxy, C,-C 8 alkoxycarbonyl; 
C 5 -C 12 cycloalkyl or C 5 -C 12 cycloalkenyl; 

phenyl, C r C 9 phenylalkyl or naphthyl which may be unsubstituted or substituted by one or 
more C,-C 8 alkyl, halogen, OH, C r C 8 alkoxy, carboxy, C,-C 8 alkoxycarbonyl; 
-CfOJ-CrCasalkyl, or an acyl moiety of a a,3-unsaturated carboxylic acid having 3 to 5 carbon 
atoms or of an aromatic carboxylic acid having 7 to 15 carbon atoms; 
-S0 3 Q + , -PO(OQ*) 2 , -P(0)(OR 2 ) z -S0 2 -R 2 , -CO-NH-R 2 . -CONH 2 , COOR 2 , or Si(Me) 3 , 
wherein Q* is H + , ammnonium or an alkali metal cation; 

if n is 2 

R, is C^Cwalkylene, C 3 -C 18 alkenylene or C 3 -C 18 alkinylene, which may be unsubstituted or 
substitued, by one or more OH, C r C 8 alkoxy, carboxy, C,-C 8 alkoxycarbonyl; 
or xylylene; or 

R, is a bisacyl radical of an aliphatic dicarboxylic acid having 2 to 36 carbon atoms, or a 
cycloaliphatic or aromatic dicarboxylic acid having 8-14 carbon atoms; 

if n is 3, 

R, is a trivalent radical of an aliphatic, cycloaliphatic or aromatic tricarboxylic acid; 
and 

if n is 4, R, is a tetravalent radical of an aliphatic, cycloaliphatic or aromatic tetracarboxylic 
acid. 
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Definitions and preferences for the individual substituents have already been given they 
apply also for the composition. 

Preferab* me ir^tor/reguiator compound of formuta (!) is prese „, „ m amounl of from „ 
mo- A to 20 ™*% more pre( e rably in an amount „ from „ „, ^ ^ 1Q ^ ^ ^ 

» in an amoun. of from 0.05 mol-% ,. ,0 mC-% based on the monomer or monomer 
mixture. 



monomer mixture, are used moM* is emulated on the average molecule, weigh, o, 

Preferably the ethylenes, unsaturated monomer or oBgomer is selected from the group 
cons,stin, of ethane. propyiene. Mputytene. Hbutylene. styrene. substituted styrene 
oonjugated dienes, acrolein. viny, acetate, vinylpyrroHdone, vinyMdazote, maieio anhydride 
(alkyfjacrylic acidanhydrides. (alkyl)aaylic acid salts, (alkyljacrylic esters 
(methjaoyfonitriles, (alkyl)acrylamid.s. vinyl halides or vinylidene halides. 

P-Warfy the emylenicatly unsaturated monomers are ethylene, propytene. n-butylene , 
bulylene. isoprene. 1.3*^. a-c^ken.. styrens. methyl styrene. pJL 
or a compound of formula CH^RJ-^ZH,., wherein R. is hydrogeL C,- 

a, I a one N anchor O atom, or hydroxy-subs«u,ed C-Catay, unsubstituted C,- 

su^T T^ , ' <,!alkyl)am ' n0 ' h ^- sutetiM «< C.-C.alkyiamino ort^. 
subswutedd^^oamino. ^CH.OH.NfCH* or -O-CH.CH.-N-H,^ An- 
An is a anion of a monovalent organic or inorganic acid; ' 
Me is a monovalent metal atom or the ammonium ion. 
Z is oxygen or sulfur. 



Examples for R, as C 2 -C 100 a.koxv interrupted by at .east one O atom are of formula 
.0, 



- . wherein R, is C.-C^alkyl, phenyl or phenyl substituted by C,- 

¥ 

C 18 alky.. R, is hydrogen or methyl and v is a number from 1 to 50. These monomers are for 
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example derived from non ionic surfactants by acrylation of the corresponding alkoxylated 
alcohols or phenols. The repeating units may be derived from ethylene oxide, propylene 
oxide or mixtures of both. 

Further examples of suitable acrylate or methacrylate monomers are given below. 




An* t wherein An 



and R a have the meaning as defined above and R e is methyl or benzyl. An' is preferably CI", 
Br or O3S-CH3. 




WO 02/100831 



-13- 



PCT/EP02/06I08 



Examples for suitable monomers other than acrylates are f Q , f 




More preferably the scission of the O-C bond is effected h. h 

temperature of between 50'C and 160'C 9 P ' aCe at a 
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The process may be carried out in the presence of an organic solvent or in the presence of 
water or in mixtures of organic solvents and water. Additional cosolvents or surfactants, such 
as glycols or ammonium salts of fatty acids, may be present. Other suitable cosolvents are 
described hereinafter. 

Preferred processes use as little solvents as possible. In the reaction mixture it is preferred to 
use more than 30% by weight of monomer and initiator, particularly preferably more than 
50% and most preferrably more than 80%. 

If organic solvents are used, suitable solvents or mixtures of solvents are typically pure 
alkanes (hexane, heptane, octane, isooctane), hydrocarbons (benzene, toluene, xylene), 
halogenated hydrocarbons (chlorobenzene). alkanols (methanol, ethanol, ethylene glycol, 
ethylene glycol monomethyl ether), esters (ethyl acetate, propyl, butyl or hexyl acetate) and 
ethers (diethyl ether, dibutyl ether, ethylene glycol dimethyl ether), or mixtures thereof. 

The aqueous polymerization reactions can be supplemented with a water-miscible or 
hydrophilic cosolvent to help ensure that the reaction mixture remains a homogeneous single 
phase throughout the monomer conversion. Any water-soluble or water-miscible cosolvent 
may be used, as long as the aqueous solvent medium is effective in providing a solvent 
system which prevents precipitation or phase separation of the reactants or polymer products 
until after all polymerization reactions have been completed. Exemplary cosolvents useful in 
the present invention may be selected from the group consisting of aliphatic alcohols, glycols, 
ethers, glycol ethers, pyrrolidines, N-alkyl pyrrolidinones, N-alkyl pyrrolidones, polyethylene 
glycols, polypropylene glycols, amides, carboxylic acids and salts thereof, esters, 
organosulfides, sulfoxides, sulfones, alcohol derivatives, hydroxyether derivatives such as 
butyl carbitol or cellosolve, amino alcohols, ketones, and the like, as well as derivatives 
thereof and mixtures thereof. Specific examples include methanol, ethanol. propanol, 
dioxane, ethylene glycol, propylene glycol, diethylene glycol, glycerol, dipropylene glycol, 
tetrahydrofuran, and other water-soluble or water-miscible materials, and mixtures thereof. 
When mixtures of water and water-soluble or water-miscible organic liquids are selected as 
the aqueous reaction media, the water to cosolvent weight ratio is typically in the range of 
about 100:0 to about 10:90. 

The process is particularly useful for the preparation of block copolymers. 
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adhesive, or as comparer, for polymer biends or as 

Furthermore, block copolymers of this invention, wherein the blocks a»» m „ „ . 

surfacWs orrtspercam, ,or preparfng highly unifbm, pcjymer blends 

Tbe (co)polymers of the present invention may have a number aver»» „ , , 

from 1 000.0400 000 g/mol. ^h, L.^ZT "* 

from 2 000 ,o 200 000 g/mo,. When produced in b u ll ,hfn^ Pfe,erab ' > - 

"ay be up ,o 500 0O0 <w»h the ,J minimum ^Zl^r TS* WdS "" 

average molecular weight may be determined hv ! . ™° " Umber 

H» powers prepay by the present fcvendon are use*,, forfotlowing app„ca, fons: 
adhesives. detergents, dispersants. emulsifiem, surfactants defoan™, .* ■ 

crosshnkers, paper treatment, water treatment, electronic materials naint, 

T « matedal, imaging mate* « ^~ l^TT £ 

vauves, b^de matenals or meters for aspha, feather, te^s, ceramics and lod 
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Because the present polymerizaton is a "living" polymerization, it can be started and stopped 
practically at will. Furthermore, the polymer product retains the functional alkoxyamine group 
allowing a continuation of the polymerization in a living matter. Thus, in one embodiment of 
this invention, once the first monomer is consumed in the initial polymerizing step a second 
monomer can then be added to form a second block on the growing polymer chain in a 
second polymerization step. Therefore it is possible to carry out additional polymerizations 
with the same or different monomer(s) to prepare multi-block copolymers. 
Furthermore, since this is a radical polymerization, blocks can be prepared in essentially any 
order. One is not necessarily restricted to preparing block copolymers where the sequential 
polymerizing steps must flow from the least stabilized polymer intermediate to the most 
stabilized polymer intermediate, such as is the case in ionic polymerization. Thus it is 
possible to prepare a multi-block copolymer in which a polyacrylonitrile or a poly(meth)- 
acrylate block is prepared first, then a styrene or butadiene block is attached thereto, and so 
on. 

Furthermore, there is no linking group required for joining the different blocks of the present 
block copolymer. One can simply add successive monomers to form successive blocks. 

A plurality of specifically designed polymers and copolymers are accessible by the present 
invention, such as star and graft (co)polymers as described, inter alia, by C. J. Hawker in 
Angew. Chemie, 1995, 107, pages 1623-1627, dendrimers as described by K. Matyaszewski 
et al. in Macrmolecules 1996, Vol 29, No. 12, pages 4167-4171, graft (co)polymers as 
described by C. J. Hawker et al. in Macromol. Chem. Phys. 198, 155-166(1997), random 
copolymers as described by C. J. Hawker in Macromolecules 1996, 29, 2686-2688, or 
diblock and triblock copolymers as described by N. A. Listigovers in Macromolecules 1996 
29, 8992-8993. 

Also subject of the invention is a compound of formula (II) 




0— N )=N 



\ 



G 4 G 3 G s 
G, and G 3 are independently C,-C 4 alkyl; 



(II) wherein 



Y R, 
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G 2 and G 4 are independently C 2 -C 4 alkyl; 

G s and G 6 are each independently of the other hydrogen or C r C 4 alkyl; 
n is 1,2, 3, or4 

Y is O NR. or when n is , and R, represents alky, or aryl Y is additional* a direct bond 
R2 'S H, C^-C^alky. or phenyl; 

if n is 1 

R, is H, straight or branohed C,-C.alky,, C-Catkeny, or ^Calkiny,. which may be 

C s -C 12 cycloalkylorC s -C 12 cycloalkenyl; ' 
Phenyl. C^phenylalkyl or naphthyl which may be unsubstituted or substituted by one or 
more Chalky., halogen. OH, C,-C e alkoxy, carboxy, C.-C.alkoxycarbony.- 
■CiOyCyw. or an aoy. moiety of a a.p-unsaturated carboxylio acid having 3 to 5 carbon 
atoms or of an aromatic carboxylic acid having 7 to 15 carbon atoms- 
-SO3-Q VP O (O Q0, -P(0)(OR ik -S0 2 -R 2 . .CO-NH-R 2 . -CONH 2 , COOR 2 , or Si(Me) 3 . 
where.n Q- ,s H + , ammnonium or an alkali metal cation; 

if n is 2 

R, is C,^ a lkylene , c.c,.a,k.ny,ene or C.-C.aikinyiene. which may be unsubstituted or 
subsbtued, by one or more OH. C,-C*lkoxy. ca*oxy. C^alkoxycarbonyl- 
orxylylene;or 

R, is a bisaoy, radical of an atiphatfc dkartoxylic acid having 2 to 36 carbon atoms or a 
cydoaliphatic or aranatic dicarboxylic acid having 8-14 carbon atoms; 

if n is 3, 

R, is a trivalent radical of an aliphatic, cydoaliphatic or aromatic tricarboxylic acid- 
and ' 

* n* 4, R, is a tebavatent radical of an aliphabc. cycloaliphabd or aromatic te^acartoxyiic 
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Definitions and preferences for the individual substituents have already been given and apply 
also for the compounds of formula (II). 

Consequently a further subject of the invention is a polymerizable composition, comprising 

a) at least one ethylenically unsaturated monomer or oligomer, and 

b) a compound according to formula (II) 



G3G5 



(II) wherein 



G„ G 2 , G 3 and G 4 are independently C,-C 4 alkyl or G, and G 2 together and G 3 and G 4 
together, or G, and G 2 together or G 3 and G 4 together are pentamethylene; 
G 5 and G 6 are each independently of the other hydrogen or C,-C 4 alkyl; 



n is 1, 2, 3, or 4 

Y is O, NR 2 or when n is 1 and R, represents alkyl or aryl Y is additionally a direct bond; 
R 2 is H, C r C 18 alkyl or phenyl; 

if n is 1 

R, is H, straight or branched C r C ie alkyl, C 3 -C 18 alkenyl or C 3 -C 18 alkinyl, which may be 
unsubstituted or substitued, by one or more OH, C r C e alkoxy, carboxy. 0,-Calkoxycarbonyl; 
CrC 12 cycloalkyl or C 5 -C 12 cycloalkenyl; 

phenyl, C r C 9 phenylalkyl or naphthyl which may be unsubstituted or substituted by one or 
more C,-C 8 alkyl, halogen, OH, C,-C 8 alkoxy, carboxy, C r C 8 alkoxycarbonyl; 
-C(0)-C 1 -C 38 alkyl, or an acyl moiety of a <x,B-unsaturated carboxylic acid having 3 to 5 carbon 
atoms or of an aromatic carboxylic acid having 7 to 15 carbon atoms; 
-S0 3 Q-, -PO(0-Q-) 2 , -P(0)(OR 2 ) 2 . -S0 2 -R 2 , -CO-NH-R 2 , -CONH 2 , COOR 2 , or Si(Me) 3 , 
wherein Q* is H*. ammnonium or an alkali metal cation; 



if n is 2 



BNSDOCIO: <WO 02100831A1_I.> 



WO 02/10(1831 



-19- 



PCT/EP02/06I08 



y neormor eOH,C l -C e alkoxy > carboxy,C 1 -C 8 alkoxycarbony| 
or xylylene; or 1 ' 

R, is a bisacyl radical of an aliphatic dicarboxylic acid having 2 to 36 car h™ ♦ 
cyc.oa.iphaticoraro.aticdica^ 

if n is 3, 

RWs a *va te n, radfcal 0( an aliphatie , of _ ^ 

«n* , R, * a ^ radteal „ „ ^ m aromaBc tetrara ^ ic 

c) a source of free radicals. 

anatogy. ' **** KM47 - TheSe me,h °* "a appfea i„ oeneral 

hydroxy.thyflproplonamida. azob,s ' 2 - me ' h Vl-N-[,.1-b, S (hydroxy mal h yl) . 2 . 
**fenad pandas and hydrops are acetyl cy dohK<ane , 



\ 
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butylperoxy)3,5,5-trimethylcyclohexane, 1,1-bis(t-butylperoxy)cyclohexane, t-butyl peroxy 
isopropyl carbonate, t-butyl perisononaoate, 2,5-dimethylhexane 2,5-dibenzoate, t-butyl 
peracetate, t-amyl perbenzoate, t-butyl perbenzoate. 2,2-bis (t-butylperoxy) butane, 2,2 bis (t- 
butylperoxy) propane, dicumyl peroxide, 2,5-dimethylhexane-2,5-di-t-butylperoxide. 3-t- 
butylperoxy 3-phenylphthalide, di-t-amyl peroxide, a, a'-bis(t-butylperoxy isopropyl) benzene, 
3,5-bis (t-butylperoxy)3,5-dimethyl 1 ,2-dioxolane, di-t-butyl peroxide, 2,5-dimethylhexyne-2,5- 
di-t-butylperoxide, 3,3,6,6,9,9-hexamethyl 1,2,4,5-tetraoxa cyclononane, p-menthane 
hydroperoxide, pinane hydroperoxide, diisopropylbenzene mono-a-hydroperoxide, cumene 
hydroperoxide or t-butyl hydroperoxide. 

These compounds are commercially available. 

If more than one radical source is used, a mixture of substitution patterns is obtainable. 

Preferably the compound of formula (II) is present in an amount of from 0.01 mol-% to 20 
mol-% , based on the monomer or monomer mixture, more preferably of from 0.01 mol-% to 
10 mol-% and most preferably of from 0.05 mol-% to 10 mol-%. 

The radical source is preferably present in an amount of from 0.01 mol-% to 20 mol-%, more 
preferred in an amount of from 0.01 mol-% to 10 mol-% and most preferred in an amount of 
from 0.05 mol-% to 10 mol-% based on the monomer or monomer mixture. 

The molar ratio of the radical source to the compound of formula II may be from 1 : 1 0 to 1 0: 1 , 
preferably from 1 :5 to 5: 1 and more preferably from 1 :2 to 2: 1 . 

Also subject of the invention is a process for preparing an oligomer, a cooligomer, a polymer 
or a copolymer (block or random) by free radical polymerization of at least one ethylenically - 
unsaturated monomer or oligomer, which comprises (co)polymerizing the monomer or 
monomers/oligomers in the presence of a compound of formula (II) and a source of free 
radicals the radical being capable of initiating polymerization. 

Definitions and preferences as well as reaction conditions have already been given and apply 
also for the process. 

Yet further subjects of the invention are a polymer prepared by radical polymerization 
according to one of the above mentioned processes having attached 
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G 

a group of formula (III) 1 




wherein the substituents are as defined above; 



and the use of a compound of formula (I) or of a compound of formula (II) together with a 

urce o f,e radicals for the controlled radica, (co) P o, y me ri2 ation of ethyle 1, 
unsaturated monomers. 

The compounds of for™,* „ can ba prepared forexampte accordin, ,o E:G. Rozants^v A V 
Chud.no, VJUh**, Akad. Nauk. SSSR. Sar. Khinv (9 , a, u (1880 , starting 1 



G 6 G^G, Rj-Y-NH 2 _ 

0= £K — ^ — - 

G/Q/ G, 

Another possfcte reason scheme is „ ^ reaa ^ ^ ^ 
hydra™ ,o yWd the Mne ^ fw eMmp|e ^ ^ pR )M3M Or 

I. is however also possible ,o M» re ac me 4-oxoppendine «, hydroxyzine hydrazine 
or w* a semicarbaade fo una corresponding ,n,inc-« mp ound and o* dig th . lm ^ 
prpendine to the corresponding nitraxide. 

ellTT;' ' ^ * P ' ePared * e — « — as fo, 
example descnbed in GB 2335190. 

A particularly stable process forme preparation of the compounds of forntula ,„ starts fron, 
the 4.xo-*oxya ml nes. the prepared of which is also deschbed in GB 23351*0: 
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R-Y-NH 2 




N— O-X 



N— O-X 



Since the 4-oxo-aikoxyamines already may have several asymmetrical carbon atoms, a 
variety of stereo isomers is usually obtained as mixture with different ratios of the individual 
isomers. It is however possible to separate the individual isomers in pure form. Mixtures of 
the stereo isomers as well as the pure individual isomers are within the scope of the present 



The ratio of the stereo isomers can be influenced by suitable catalysts such as bases or 
acids. This isomer equilibration can be done at the stage of the 4-oxo-alkoxyamine, during 
the imine forming reaction or at the stage of the final 4-imino-alkoxyamine. The shifting of the 
stereo isomer ratio allows to increase the overall yield, achievable for example by 
crystallisation. 

Suitable bases are for example alkali metal or alkaline earth metal hydroxides or alcoholates 
such as LiOH. KOH, NaOH or Ca(OH) 2f NaOCH 3 , NaOCH 2 CH 3l Mg-ethanolate or K-tert 
butylate. Also suitable bases are amines, particularly secondary or tertiary amines, such as 
piperidine, morpholine, pyridine, triethylamine or amidines such as DBU (diazabicyclo- 
undecane), DABCO (diazabicyclooctane). 

Suitable acids are for example strong mineral acids, such as HCI, H 2 S0 4 , H 3 P0 4 organic 
sulfonic acids, such as CH 3 S0 3 H or para-toluene sulfonic acid, trichloro acetic add or trifluoro 
acetic acid, organic acids, such as formic acid, acetic acid or benzoic acid, Lewis acids, such 
as AICI 3 or BF 3 , complex acids, such as HBF 4 or HPF 6 . 
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A further aspect of the instant invention 



compound of formula (I) 



is an improved process for the preparation of , 




^ (I) comprising reacting a 
R. 



compound of formula (X) \ 




O — N 



0 (X) with a compound of formula (XI) R,-Y- 



NH 2 (XI) wherein the substituents have the meaning as defined above charar* 
the compound of formula (X) is fi rst,y treated with an acid X^^l " T 
cata.yst is added during the imine forming reaction. "* * 

The imine fom.ing reaction from a ketone and a substituted amine is known per se 
Suable acid or base catalysts have a .ready been mentioned They are oreferahK, „ 
concentration of from 0.01 to 10%, more preferably of from OUo M^" T " ' 
from 1 to 5% by weight based on the educt. ^ ° f 

^ZZT f0 T ,a (X) is pretreated with the cata,yst the ~ — ^ 

typ-cally of from 1 m,nute to 10 hours, more preferably from 10 minutes to two hours 

go. catalyst can be removed or let) in the reaction mixture 
men the acid or base catatys, is added dunr* the reaccon. , is preterabiy added a, me 
bes.nn.ng.ttis.bowev.r.possibietoaddmecatatystataiatersie. 
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The following examples illustrate the invention. 
A) Preparation examples 

Example A1 : 2 i 6-Diethvl-2,3 t 6-trimethvM-(1-phenvl-ethoxv)-piperidine^4-one oxime 
(Table 1, Comp. 101) 

2,6-diethyl-2,3,6-trimethyl-1 -(1 -phenyl-ethoxy)-4-oxopiperidine prepared according 
to DE 199 09 767 A1 is dissolved in methanol containing 10% by weight of KOH and 
stirred for 5 hours at room temperature. Methanol is evaporated, the residue is 
washed with water and dried in vacuo. A solution of 95.24 g (0.3 mol) of 2,6-diethyl- 
Z^.e-trimethyl-l^l-phenyl-ethoxyH-oxopiperidine and 29.7 g (0.45 mol) 50% 
aqueous hydroxylamine solution in 150 ml of methanol is stirred under reflux during 
5 h. The suspension is then cooled to -8 °C and filtered. The solid is washed with 
100 ml of a cold (-20 °C) methanol and dried to afford 64 g (64.1%) of the title 
compound as a white, microcrystalline powder, mp 130-145 oC. C^H^C^ 
(332.49) calculated C 72.25%, H 9.70%, N 8.43%; found 72.19% C, 9.54 %H, 8.43 
%N. 

Example A2: 2.6-Diethvl-2 t 3.6-trimethvl-1-(1-phenyl-ethoxv)-4-acetoximino- 
piperidine (Table 1, Comp. 102) 

To a suspension of 10 g (0.03 mol) 2,6-diethyl-2,3,6-trimethyM-(1-phenyl-ethoxy)- 
piperidine-4-one oxime in 20 ml ethylacetate are added 0.1 g 4-dimethylamino- 
pyridin and 3.8 ml (0.04 mol) acetanhydride. The mixture is then stirred 2 h at room 
temperature. The homogeneous clear solution formed during this period is washed 
with water and NaHC0 3 solution and evaporated under vacuo to afford 1 1.2 g ^ 
(99.7%) of the title compound as a colorless oil. 

1 H-NMR (300 HMz, CDCI 3 ): 7.33-7.20 m (5ArH), 4.81-4.72 m (1H), 3.3-0.62 m 
(22H), 2.15 s (OC-CH 3 ). 1.45 d (CH 3 ). 

Example A3: 2.6-Diethvl-2,3,6-trimethvl-1-n-phenvl-ethoxv)-piperidine-4-one 
semicarbazone (Table 1, Comp. 103) 

2,6-diethyl-2,3 l 6-trimethyl-1-(1-phenyl-ethoxyH-oxopiperidine prepared according 
to DE 199 09 767 A1 is dissolved in methanol containing 10% by weight of KOH and 
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stirred for 5 hours at room temperature. Methanol is evaporated the reside ■ 

« g ,0.03 mc, sem.cart.azte hydrochloride and 1.67 g (0.025 ^ K0H ,65* 
Toe roodure * s0rred under ^ 5 „ and ^ J-» TO „. 

co m po U oda:a S ,:::rri~ , ° 3te7 - 83(96 - 8% '» f -- 

'H-NMR (300 HMz. CDC U : 8.5-7.7 bm (,H). 7.39-7 ,6 m ,5 ArH> 6 « „ . 
4.87^.64 m „ H ). 2.7-0.63 m , 25 H) 6.5-5.0 bm (2H), 

Baffle A4: 2,2.n telhr u ! „ ^.-,-, n , 1 , , . ® 

This alkoxyamine (6.06 q 0 02 m«n ie ^„ • 

1.77 ml (0 03 mo,) of soo/' ' ' n ana '° 9y t0 eXamp,e rea <** with 

m. (0.03 mol) of 50% aqueous hydroxyzine in 10 ml methanol The tit.* 

=nr.-=r. — 

'H-NMR (300 HMz, CDC.,): 8.5 bs (1H). 7.36-7 21 m (5ArH) 4 7^ 7 n © 
(20H), 1.52 d (CH 3 ). ( } * 4 78 " 4 70 m < 1H >- 31 -0-64 m 

e!eendjne(Table 1. Comp 105) H--^ oyiox.rn.niv 

and therafter dropwise 4 a rrfnw n • 0 tneth y |amin e 

h a t n tk m °° P,va, °y |chl0 "'d- The mixture is then stirred 17 
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chromatographed on silica gel with hexane-ethylacetate (9:1) to afford 12.1 g 
(96.8%) of the title compound as a colorless oil. 

'H-NMR (300 HMz, CDCI 3 ): 7.34-7.20 m (5ArH), 4.81-4.73 m (1H). 3.3-0.62 m 
(22H), 1 .45 d (CH 3 ), 1 .30 bs (9H, t-Bu). 

Example A 6: 2,6-Diethyl-2.3.6-trimethvl-1 4 1 -phenvl-ethoxv^ benzovloximinn. 
piperidine fTable 1 , Comp. 1 06) 

From 10 g (0.03 mol) a.e-diethyl^.S.e-trimethyl-l-d-phenyl-ethoxyJ-piperidine-^ 
one oxime, 4.65 g (0.033 mol) benzoylchloride and 4.6 ml (0.033 mol) triethylamine 
are prepared in analogy to example A5. 8.1 g (61.8%) of the title compound is 
obtained as a colorless solid after treating with methanol, mp. 78-125 °C (mixture of 
isomers). 

1 H-NMR (300 HMz, CDCI 3 ): 8.05-8.0 (m. 2ArH). 7.59-7.54 m (1ArH). 7.50-7.42 m 
(2ArH), 7.31-6.91 m (5ArH), 4.83-4.75 m (1H), 3.3-0.62 m (22H), 1.47 d (CH 3 ). 

Example A7:2,6-Diethvl-2.3.6-trimethvl-1-M- p henvl-ethQx^-4-N-ethvlcarb a mn Y i. 
oximino-piDeridine rrahle 1, Comp. 107) 

To a suspension of 10 g (0.03 mol) 2,6-diethyl-2.3,6-trimethyl-1-(1-phenyl-ethoxy)- 
piperidine-4-one oxime in 50 ml toluene are added 2.6 ml (0.033 mol) ethylisocya- 
nate. The mixture is stirred 3 h at rt and thereafter heated for another 3 h at 35 °C. 
then filtered and evaporated under reduced pressure to afford 12.1 g (99.2%) of the 
title compound as a colorless oil. 

'H-NMR (300 HMz, CDCI 3 ): 7.33-7.12 m (5ArH), 6.36-6.30 bs (NH). 4.8(M.71 m 
(1 H), 3.39-3.30 (q, CH 2 ), 3.25-0.62 m (25H), 1 .45 d (CH 3 ). 

Example A8: 2, 6-DiethYl-2,3,6-trimethvl-1-M-Dhenvl-ethoxvM-stearovloximino- 
piperidine fTable 1, Comp. 108) 

10 g (0.03 mol) 2.6-diethyl-2,3,6-trimethyl-1-(1-phenyl-ethoxy)-piperidine-4-one 
oxime, 9.7 g (0.032 mol) stearoylchloride and 4.6 ml (0.033 mol) triethylamine are 
reacted in analogy to example A5. 16.65 g (92.7%) of the title compound is obtained 
as a colorless oil after chromatography on silica gel with hexane-ethylacetate (10:1). 
'H-NMR (300 HMz, CDCI 3 ): 7.33-7.20 m (5ArH), 4.78-4.74 m (1H), 3.20-0.62 m 
(57H). 1.45d(CH 3 ). 
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PJPendjne(Table 1 , Comp. 1 09) 

To a suspension of ,2 , (0.036 mol, 2.^-2,3,^^ 

ZTjn y <55% in minerai •"» and »*— * - 35 4 

for 2 h. To ft. s llg h.l» .urbid, ye,,ow soMion then dropwlse ^ 

.elir'T" me ' hy ' *** ^ iS dilU " d ^ 18 h ^ - 
T"" 200 °* and — «• * 2X100 n. hexan. The 
««» are dried over M0SO4 and e»apora,ed under reduced pressure ' 

"""""'*" °° *• 361 * heran ^ — • <*> D 

afforded 9.6 g (77%, of the ,,„e compound a S a eoiodess oi, 

'H-NMR ,300 HMz, CDC W : 7.32-7,9 m (SAm,, 4.80-4.72 m „H, 3 82 ,s CH O, 

3.25-0.62 m(22H), 1.45 dfCHJ. '' l0) ' 

aamefrablet, Comp. 110, S-jJoergyK 

a, A soMon of 20 , ,96.6 mmot, ^ie^^.e-uime^peddtne^oneoxhe- 

^-asoiufcnofaooofsodfcmescoroatein lOOmivveter. TheslunyL 
oo* to 10 -C. the precip|tae was ^ wi(h ^ J - 

dnednva W o«o gK e,9.95 g o,a»* te 2. M e t h^2.3.6. W me t hW.1-h y droxy. 
pipendine-4-one. y 

onel r 8 9 n,m0,, W*-*M- 
one. The mixture was stirred for 1 h at 30 °r an n 

c and tnen cooled to 5 °C Thereafter 
10.4 n, ,67.5 mmoi, den*, dromide were added d ro pw*e a, 5-10 -C ^ m^e 
was shned for addihona, 3 h. ,hen poured ,n,o 200 m, of oold water and existed 
w«.2x 5 0 mlm e t h» H .hu ty ,«h.r. The exlneote „ere ,v,pora,ed and 
*»*~«. siiioa geiwiih hexane-e,hy to ce,ate ,39:1, ,o gi v, ,0.8, 
(75.5 /») of the title compound as a colorles oil 
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Example A11; 1-Allvloxv- 2,6-diethvl-2.3.6-trimethvl-Dioeridine-4-one -O-allvl-oxime 
(Table 1, Comp. 111) 

To a slurry of 5.2 g (120 mmol) sodium hydride (55% in mineral oil) in 50 ml DMFA 
were added 9.6 g (42 mmol) 2,6-diethyl-2,3,6-trimethyl-1-hydroxy-piperidine-4-one. 
The mixture was stirred for 75 minutes at 30 °C and then cooled to room 
temperature. Thereafter, 14.5 g (120 mmol) allyl bromide were added dropwise at 
room temperature. The mixture was stirred for additional 2 h, then poured into 200 
ml of cold water and extracted with 3x 50 ml hexane. The extracts were evaporated 
and chromatographed on silica gel with hexane-ethylacetate (39:1) to give 10.75 g 
(83%) of the title compound as a colories oil. 

For C^HaNA calculated: C 70.09%, H 10.46%, N 9.08%; found C 70.03, H 
11.23%, N 9.14%. 

Example A12: 2.6-Diethvl-2 .3.6-trimethvl-1-(1- P henvl-ethoxv)-DiDeridine-4-one -O- 
diethvlphosphonato-oxime (Table 1, Comp. 112) 

To a stirred suspension of 10 g (30 mmol) 2,6-diethyl-2,3,6-trimethyl-1-(1-phenyl- 
ethoxy)-piperidine-4-one oxime in 70 ml toluene are added 4.6 ml (33 mmol) of 
triethylamine, 5.7 ml (33 mmol) of diethylchlorophosphate and 0.15 g of 4- 
dimethylaminopyridine. The mixture is stirred for72 h at room temperature, and 
heated therafter for additional 24 h at 60 °C. It is then cooled to room temperature, 
washed 2x with 50 ml water, dried over MgS0 4 and evaporated. The residue is 
chromatographed on silica gel with hexane-ethyl acetate (2:1) to give 9.3 g (66 %) 
of the title compound as a colorless oil. 

1 H-NMR (300 MHz, CDCI 3 ): 7.33-7.22 m(5H), 4.79-4.74 m (1H), 4.26^4.16 m(4H), ~" 
3.5-0.5 m (31 H). 

31 P-NMR (162 MHz, CDCI 3 ): 1.655-1.355 m 

Example A1 3: f2.6-Diethvl- 2.3.6-trimethvl-1-(1- D henvl-ethoxv)-piperidine-4- 
ylideneaminooxvl-acetic acid -teroom temperature.-butvl ester (Table 1, Comp. 113) 
To a suspension of 16.62 g (50 mmol) 2,6-diethyl-2,3,6-trimethyl-1-(1-phenyl- 
ethoxy)-piperidine-4-one oxime in 70 ml dry DMFA were added 2.4 g (55 mmol) 
sodium hydride (55% in mineral oil). The mixture was stirred at 40 °C for 1 hour and 



<WO 02100e31A1_l_> 



WO 02/100X31 

PCT/EP02/06I08 

-29- 

«M .0 ,0* Thereat e, ml (55 mmol) of , buty , 6romMce|ate 
*opw,se and ,he mi «u re was sBned a, room lemparato (or „ * 7" 

The e^cls were washed 3 , im es * 50m , waie, drts , over — • 
3-1-0.5 m (25 H), 1.46 s (9H) 1 ^-'3 m (1 H), 4.47-445 m (2H), 

in 30, »l o, « fluoroacetlc a* wan, dfcsCved 10.1 a (22 .6 mmo)) „ 
'H-NMR (300 MHz, CDCM- 89bs1H 7W7« r 
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Example A1 6: 2,6-Diethvl-2.3.6-trimethyl-1 -n-phenyl-ethoxv)-piperidine-4-one 
oxime-adipic acid ester (Table 1 , Comp. 116) 

To a stirred suspension of 10.5 g (31.5 mmol) 2,6-diethyl-2,3,6-trimethyl-1-(1- 
phenyl-ethoxy)-piperidine-4-one bxime in 70 ml toluene are added 4.5 ml (32.5 
mmol) of triethylamine and 2.75 g (15 mmol) of adipic acid dichloride. The mixture 
is stirred for 22 h at room temperature, washed 2x with 50 ml water, dried over 
MgS0 4 and evaporated. The residue is chromatographed on silica gel with hexane- 
ethyl acetate (5:1) to give 9.35 g (76 %) of the title compound as a colorless oil. 
1 H-NMR (300 MHz, CDCI 3 ): 7.33-7.20 m (10 H), 4.8-4.74 m (2 H), 3.4-0.5 m (58 H) 

Example A17: 2,6-Diethvl-2,3.6-trimethyl-piperidine-4-one oxime-1-oxvl (Table 1 , 
Comp. 117) 

In a solution of 4.2 g (20 mmol) 2,6-diethyl-2,3,6-trimethyl-piperidine-4-one oxime (prepared 
as described by Brunetti, Heimo; Rody, Jean; Sama, Nobuo; Kurumada, Tomoyuki.: Ger. 
Offen. (1976), DE 2621924) in 20 ml ethylacetate was added dropwise under stirring at 
room temperature the solution of 7.4 g (30 mmol) of m-chlorperbenzoic acid (70%) in 20 ml of 
ethyl acetate. The mixture after completed addition is stirred for additional 80 minutes at room 
temperature, diluted with 100 ml hexane, washed 3 x with 1M NaHC0 3 , dried over MgS0 4 
and evaporated to give 4.5g (-100%) of a thick red oil which solidifies upon standing. 

Example A18: 2.6-Diethvl-2.3.6-trimethvl-piDeridine-4-acetoximino-1-oxvl (Table 1, 
Comp. 118) 

a) To a solution of 45.3 g (0.213 mol) of 2,6-diethyl-2,3,6-trimethyl-piperidine^-one 
oxime in 40 ml toluene were added 0.2 g 4-dimethylaminopyridin and 20.8 ml acetic 
anhydride. The mixture was stirred for 75 minutes at 30 °C, then diluted with 100 ml 
toluene, washed with 50 ml 30 % NaOH and 50 ml water. The organic layer was 
dried over MgS0 4 and evaporated to give 46.65 g 2,6-diethyl-2,3,64rimethyl-4- 
acetoximino-piperidine. . 

b) To a solution of 25.45 g (0.1 mol) 2,6-Diethyl-2 l 3,6-trimethyl-4-acetoximino- 
piperidine in 100 ml ethylacetate were under stirring at room temperature added 
29.9 ml (0.19 mol) peracetic acid (40% in acetic acid). The mixture for stirred for 22 
h at room temperature, diluted with 100 ml hexane, washed with 100 ml water and 
100 ml 1 M NaHC0 3 , dried over MgS0 4 and evaporated. The residue was 



BNSDOCID: <WO 02100831A1 I > 



WO02/HMI8J1 



-31- 



PCT/ERI2/06108 



ZTZT °" ^ * D '0 «• 12.45 , 

(46 /o) of the title compound as a red oil 

A mixture of 25 ml dicmoromeihan,, 26 g of 50% aqueous NaOH 173mU0l5 
to^pendme^ne oxim.,-0^ is vfcorouaiy afimed ,2 houre a, mom 

Amix t ureof30m,dk* 1 o,om eln an.,50 g „,50%aq l »ousNaOH 7m. m ..h , 
pipend.ne-4-one ox.me-1-oxyl is vigorously stirred 5 h«.re a 

ethy.acetate (9.1, to g,ve 1.52 g (82%) of the title compound as a red oil. 
The compounds prepared are summarized in table 1. 
Table 1 
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Compound No. 



Structure 



Compound No. 



Structure 



119 



120 





B) Polymerization examples 
General remarks: 

Solvents and monomers are distilled over a Vigreux column under argon atmosphere or 
under vacuum, shortly before being used. 

To remove oxygen all polymerization reaction mixtures are flushed before polymerization with 
argon and evacuated under vaccum applying a freeze-thaw cycle. The reaction mixtures are 
then polymerized under argon atmosphere. 

At the start of the polymerization reaction, all starting materials are homogeneously 
dissolved. 

Conversion is determined by removing unreacted monomers from the polymer at 80° C and 
0.002 torr for at least 60minutes, weighing the remaining polymer and subtract the weight of 
the initiator. 

Characterization of the polymers is carried out by MALDI-MS (Matrix Assisted Laser 
Desorption Ionization Mass Spectrometry) and/or GPC (Gel Permeation Chromatography). 

MALDI-MS: Measurements are performed on a linear TOF (Time Of Flight) MALDI-MS LDI- 
1700 Linear Scientific Inc. , Reno, USA. The matrix is 2,5-dihydroxybenzoic acid and the 
laser wavelength is 337 nm. 
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SEC: Is performed using RHEOS 4000 of FLUX INSTRi impwto t » 

Detector ERC7515A C ERCATECH AG a, 30 T ^ "* 8 Rl " 

earned ou, during 5 h. The re ac«on mixture is ^ ^ |0 * ^ f"* I"*"""** « 
is removed by evaporation under high vaouum 33 To X tZn h ^""^V 
reaoted. A etear orange vieeous J ?„ obtai l 3 (M ' 8 *» «*- m ° TO ™ 
Mn = 7600, Mw= 10260, PD=1.35 

gxamB!e_B2 : Polymeria™ nt n hrrvhrrvl ,| w uu i 5 ,„„■■■ , 

145 o C macryiat with 1.S m mo^ » f rnm pound 1n? (t^j^. 

^■--ra^^^ra^^^x 8 ",- 

carried out durina 5 h ThP r*ar*~, ■ d P o| ymenzation is 

reaeted. A dear orange v,coua J ' Zed ' ' ' " — "~ 
Mn = 6060, Mw = 7575, PD = 1.25 



rabel Pat 



-° «»n»-ni:rjrar^ri M .^ a "^ 



WO 02/1011X31 



-36- 



PCT/EP02/06I08 



by evaporation under high vacuum. 7.7 g (77%) of the initial monomer have reacted. A clear 
colourless viscous fluid is obtained. 
Mn = 9150, Mw = 12810 , PD=1.4 

Example B4 : Polymerization of n-butvlacrvlat wit h 1.5 moJ% of compound 104 ( T a h»i -n at 
145 °C 

In a 50 ml three neck flask, equipped with thermometer, cooler and magnetic stirrer, 373 mg 
(1.17 mmol) of compound 104 and 10 g (78 mmol) of n-butylacrylate are mixed and degased 
The clear solution obtained is heated under argon to 145 °C and polymerization is carried out 
during 5 h. The reaction mixture is then cooled to 70 °C. The remaining monomer is removed 
by evaporation under high vacuum. 6.5 g (65%) of the initial monomer have reacted. A clear 
colourless viscous fluid is obtained. 
Mn = 6380, Mw = 9890, PD = 1.55 



Example B5 : Polymerization of stvrene with 1 mo |o/ 0 of compound 105 Hahfe 1) at 130 "c. 
In a 100 ml three neck flask, equipped with thermometer, cooler and magnetic stirrer. 1 .816 g 
(4.36 mmol) of compound 105 and 45.45 g (436 mmol) of styrene are mixed and degased. 
The clear solution obtained is heated under argon to 130 °C and polymerization is carried out 
during 6 h. The reaction mixture is then cooled to 80 °C. The remaining monomer is removed 
by evaporation under high vacuum to give 40.45 g (89%) of the polystyrene. 
Mn = 7844, Mw = 9107 , PD = 1.2 

Example B6 : Polymerization of stvrene with 1 mol% of com po und 106 tTable 1) at ian °n 
In a 100 ml three neck flask, equipped with thermometer, cooler and magnetic stirrer, 1.905 g 
(4.36 mmol) of compound 1 06 and 45.45 g (436 mmol) of styrene are mixed and degased. 
The clear solution obtained is heated under argon to 130 °C and polymerization is carried out 
during 6 h. The reaction mixture is then cooled to 80 °C. The remaining monomer is removed 
by evaporation under high vacuum to give 43.2 g (96%) of the polystyrene. 
Mn =8400, Mw =9436 , PD = 1.1 
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n a 100 m three neck flask, equipped with thermometer, cooler and magnetic stirrer. 1 759 g 
£36 mmol, of compound 1 07 and 45.45 g (436 mmo.) of styrene are mixed and degased 
The clear solution obtained is heated under argon to 1 30 »C and pdymenzation is earned out 
dunng 6 h. The reaction mixture is then cooled to 80 »C. The remaining monomer is removed 
by evaporation under high vacuum to give 39 g (86%) of the polystyrene. 
Mn=7907. Mw=9162 , PD = 1.2 



^gsMl£stBBsmSBL<a styrene with 1 m ol% of compound in» j ^^rn^c 
jn a 100 ml three neck flask, equipped with thermometer, coder and magnetic stirrer, 2.61 1 g 
(MB mmol) of compound 1 08 and 45.45 g (436 mmo.) of styrene are mixed and degased 
The clear solution obtained is heated under argon to 130 'C and polymenzation is earned out 
dunng 6 h. The reaction mixture is then cooled to 80 'C. The remaining monomer is removed 
by evaporation under high vacuum to give 39 g (86%) of the polystyrene. 
Mn=8616, Mw=9952, PD = 1.2 

n a 100 ml three neck flask, equipped with thermometer, cooler and magnetic stirrer, 1.511 g 
me mmo.) of compound 109 and 45.45 g (436 mmo.) of styrene are mixed and degased 
The dear so.ution obtained is heated under argon to 1 30 »C and po.ymerizat.on is carried out 
dunng 6 h. The reaction mixture is then coded to 80 «C. The remaining monomer is removed 
by evaporation under high vacuum to give 37.3 g (82%) of the polystyrene. 
Mn =7882. Mw =8820, PD = 1.1 



ixampjejaiO: Reinitiation of polystyrene torminnjed with Compound mi w »h n . 
butvlacry late ' 

in a dry. Wwd.tW lube 2.5 „ of pdystyrene termed with Compound ,0, are 
drssolved in ,5 , n-buty^ate. The mirture is degassed in three consecutfce free*-*™, 

Ztl-c , d TT" ^ s,i,red soMon is ,hen immereed in a " * ^ - *— 

145 C for 6 h. The residual monomer is men removed under vaouum at «rc and the 
blockcopolymer is dried a, 40"C in vaouum until constant weigh, Is achieved. Conversion 
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referred to the monomer (n-butylacrylate) is 36.2%. The molecular weight (M P ) increased 
from 9300 g/mol (Cmpd 101 -term-PS) to 47300 g/mol (PS-b-PBuA) and the polydispersity 
from 1.2 to 1.8. 

Example B1 1: Reinitiation of a polv-n-butvlacrvlate terminated with Compound 101 with 
styrene 

In a dry, argon-purged Schlenk tube 2.5 g of poly-n-butylacrylate terminated with Compound 
101 are dissolved in 15 g styrene. The mixture is degassed in three consecutive freeze-thaw- 
cycles and purged with argon. The stirred solution is then immersed in an oil bath and heated 
to 1 30°C for 6 h. The residual monomer is then removed under vacuum at 40°C and the 
blockcopolymer is dried at 40°C in vacuum until constant weight is achieved. Conversion 
referred to the monomer (styrene) is 66.0%. The molecular weight (M P ) increased from 8600 
g/mol (CG 41-0330-term-PBuA) to 47500 g/mol (PBuA-b-PS) and the polydispersity from 1.3 
to 1.5. 
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Claims 

1. A compound of formula (I) 



\ 



Gi yT i 

.h: 4- 



(I) wherein 



O, G 2 , G, and G 4 are independently C r C 4 a.ky. or G, and G 2 together and G 3 and G 
*gethe, or C ,and G 2 together or G 3 and G 4 together are Pentamet hy ,ene; wHerein.^hen 

G * Ga and G < are C '- C * alk y | . ^ least one is higher alkyl than methyl- 
G s and G 6 are each independently of the other hydrogen or Cl -C 4 alkyl; ' 

n is 1,2, 3, or 4 



V b a N* or when „ „ , ana R , represents ^ ^ y js ^ ^ 
K 2 is n, C,-C 18 alkyl or phenyl; 



if n is 1 



R, is H, straight or branched C,-C,.a lkyl . C-Catay, or C.CalWny. wnicn may be 
CrC^ydoalkylorCrCucycloalkenyt 

Pheny) C^phenytatKy, or naphthy, which may he unsubstMed or subsauted by one or 

more chalky,, hatogen. OH. C^.*oxy. carboxy. C-C^xycarbonyt- 

-C(0)-C,-Q»a IM . or an aoyl moiety of a ^unsaturated acid having 3 to 5 carbon 

atoms or of an aromatic carboxytio acid having 7 to ,5 carbon atoms- 

-SCW, -PO(0^. - P(0)( OR J, ^ -CaNH-R,, *ONH„ COOR„ or S W 

wheramQ-isH'.ammnoniumoranallcalimetalcaBon; 

if n is 2 

s~ f^' C] " C " alke " ) " ene " -** may be unsubstituled or 

subsMued. by one or more OH. c,^ lkoxy , carboxy. C,-C.alkoxycarbonyl- 
orxylylene; or 
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R, is a bisacyl radical of an aliphatic dicarboxylic acid having 2 to 36 carbon atoms, or a 
cycloaliphatic or aromatic dicarboxylic acid having 8-14 carbon atoms; 

if n is 3, 

Ri »s a trivalent radical of an aliphatic, cycloaliphatic or aromatic tricarboxylic acid; 

if n is 4, R, is a tetravalent radical of an aliphatic, cycloaliphatic or aromatic tetracarboxylic 
acid; and 

X is selected from the group consisting of 

H H * C v 
-CH 2 -aryl, alkyl(C r C 1B )— C-aryl , - C H 2 -CH r aryl f alkyl(C r C 18 )— j— aryl {Cr 

C 6 cycloalkyl) 2 CCN. (C r C 12 alkyl) 2 CCN t -CH 2 CH=CH 2f (C r C l2 )alkyl-CR 20 -C(O)-(C 1 -C 12 )alkyl l 
(C r C 12 )alkyl-CR 20 -C(O)-(C 6 -C 10 )aryl, (C r C 12 )alky|.CR 20 -C(OHC r C l2 )alkoxy, (C,-C 12 )alkyl- 
CR^-CCOJ-phenoxy, (CrC^Jalkyl-CR^CtOJ-N-ditCrC^Jalkyl, (C 1 -C 12 )alkyl-CR 20 -CO-NH(C 1 - 
C 12 )alkyl, (C r C 12 )alkyl-CR 20 -CO-NH 2 , -CH 2 CH=CH-CH 3l -CH 2 -C(CH 3 )=CH 2l 

-CH 2 -CH=CH-phenyl, .CH 2 -C^ » 3-cyclohexenyl, 3-cyclopentenyl, 




, wherein 

0 \— / H^CN 



R 20 is hydrogen or C r C 12 alkyl; 

the alkyl groups are unsubstituted or substituted with one or more -OH, -COOH or-C(O)R 20 
groups; and 

the aryl groups are phenyl or naphthyl which are unsubstituted or substituted with C r C 12 alkyl, 
halogen, d-C^alkoxy, CVC^alkylcarbonyl, glycidyloxy, OH, -COOH or -COO(C r C 12 )alkyL 

2. A compound according to claim 1 wherein X is selected from the group consisting of 
-CH 2 -phenyl, CH 3 CH-phenyl, (CH 3 ) 2 C-phenyl, (C 5 -C 6 cycloalkyl) 2 CCN, (CH 3 ) 2 CCN, 



RNsnocm- <wn 
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(JZ-CN , -CH.CH-CH,. CUCHOWH, (C,-C. alWR ^ (0 , pheny| ^ 
R» is hydrogen or (C,-C 8 )alkyl. 

3. A compound according to claim 2 wherein X is selected from 
-CH,-Dhenvl rn ru , ,~ selected from the group consisting of 

CH 2 phenyl. CH 3 CH-pheny.. (CH 3 ) 2 C-pheny.. (C 5 -C eCy cloalky.) 2 CC N , (CH^CCN, 

or Q^ CN .-CH 2 CH=CH 2> ^ 
R20 is hydrogen or (C,-C 4 )alkyl. 

4. A compound according to claim 1 wherein at .east one ofG G G andr • «. 

others are methyl and G anH r* u * 3 d ° 4 ,s ethyl and tn e 

ethyl and G s and G 6 are each .ndependently of the other hydrogen or methyl. 

5. A compound according to claim 1 wherein Y is O. 

6. A compound according to claim 1 wherpin r r> 

* « G. an, each indepande.% * other hydrogen „ ^ ^ 
n is 1 

R1 is H, straight or branched Chalky! or C 3 -C 18 alkenyl; 
C 5 -C 12 cycloalkyl or C r C, 2 cycloalkeny|- 

27c V^T" w naFWhvl which may be uns ~ - «*— » 

more C r C B alky[ f halogen, OH, C^alkoxy; 



one or 
or 
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-C(0)-C r C 36 alkyl, or an acyl moiety of a ct.p-unsaturated carboxylic acid having 3 to 5 carbon 

atoms or of an aromatic carboxylic acid having 7 to 15 carbon atoms; 

and; 

X is selected from the group consisting of 

-CH 2 -phenyl, CH 3 CH-phenyl, (CH 3 ) 2 C-phenyl, (C 5 -C 6 cycloalkyl) 2 CCN, (CH 3 ) 2 CCN, 



C^alkyl-CR^-CCOHCrC^alkoxy, (C^alkyWR^CtOH^-CJalkyl. (C.-CJalkyl-CR^- 
C(0)-N-di(C r C 4 )alkyl, (CrC^alkyl-CR^CCO-NHCCrC^alkyl, (C r C 4 )alkyl-CR 20 -C(O).NH 2( 
wherein 

R2o is hydrogen or (C,-C 4 )alkyl. 

7. A compound according to claim 1 which is 

a) 2,6-Diethyl-2 t 3,6-trimethyl-1-(1-phenyl-ethoxy)-piperidine-4-one oxime, 

b) 2 f 6-Diethyl-2,3,6-trimethyl-1 -(1 -phenyl-ethoxy)-4-acetoximino-piperidine, 

c) 2,2-Diethyl-6,6-dimethyl-1 -(1 -phenyl-ethoxy)-piperidine-4-one oxime, 

d) 2,6-Diethyl-2,3,6-trimethyl-1-(1 -phenyl-ethoxy)-4-pivaloyloximino-piperidine or 

e) 2,6-Diethyl-2,3,6-trimethyl-1 -(1 -phenyl-ethoxy)-4-benzoyloximino-piperidine. 

8. A polymerizable composition, comprising 

a) at least one ethylenically unsaturated monomer or oligomer, and 

b) a compound according to formula (I) 



G u G 2 , G 3 and G 4 are independently C r C 4 alkyl or G, and G 2 together and G 3 and G 4 
together, or G, and G 2 together or G 3 and G 4 together are pentamethylene; 
G 5 and G 6 are each independently of the other hydrogen or C r C 4 alkyl; and 




CN . -CH 2 CH=CH 2 , CH 3 CH-CH=CH 2 (C r C 4 alkyl)CR 20 -C(O)-phenyl, (C r 




n 



(I) wherein 
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X represents a group such that the free radical X. derived from X is capabie of initiating 
polymenzation of ethylenically unsaturated monomers; ° 

nis 1,2, 3, or4 

r T» n t 1 and represerts alkyl or Y * ■*■»»* • •« «»* 

k 2 is n, C,-C ia alkyl or phenyl; 
if n is 1 

R, » H. slight or branched C,C,.a, M , tVCaUreny, or C-CaKnyi. ^ may ^ 

c 5 -C 12 cycloalkylorC 5 -C 12 cycloalkenyl; y * 
Phenyl CrCphenyiaiky, or naphthy, which may be unscbstituted or sobaWed by one or 
-ore C,^Ky,. natogeni 0 H. c,-C.a, k oxy. cart,oxy, C-Caixoxycarbonyt 
-C or an aoy. mbiely of a a.p. u „sa, ura ,ed carhoxylic add having 3 ,o 5 carbon 

atomaorofanaromaticcarbox^icaddha^Tto 15 carbon atoma- 93, ° 5CMm 

21 * ° T* ' P(OXOR * " SOi " R " - co - NH - R » - conh " coor » - 

wnerem Q ls H , ammnonium or an alkali metal cation; 
if n is 2 

a^'b?™' {VC -**~ °' which may be ensued or 

aobsttued. by one or more OH. C.-CaiKoxy. oarboxy, C^oxycarbonyt 
or xylylene; or y 1 

R, M a bfeacy, radioa, of an a«phabc dicartoxylic acid having 2 ,o 36 carbon atoma or a 
cydoa„phabc or aromatic dicart»xy,ic add having 8-14 cart.cn atoms; 

if n is 3. 

«n* 4. R| is a tetravalen, radica, of an aliphatic, cydoaiiphatic or aromatic tetracamoxyiic 



»!frvv,rv. 
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9. A composition according to claim 8, wherein the ethylenically unsaturated monomer or 
oligomer is selected from the group consisting of ethylene, propylene, n-butylene, i-butylene, 
styrene, substituted styrene, conjugated dienes, acrolein, vinyl acetate, vinylpyrrolidone, 
vinylimidazole, maleic anhydride, (alkyl)acrylic acidanhydrides, (alkyl)acrylic acid salts, 
(alkyl)acrylic esters, (meth)acrylonitriles, (alkyl)acrylamides, vinyl halides or vinylidene 
halides. 



10. A composition according to claim 8, wherein the initiator compound is present in an 
amount of from 0.01 mol-% to 20 mol-% , based on the monomer or monomer mixture. 



1 1 . A process for preparing an oligomer, a cooligomer, a polymer or a copolymer (block or 
random) by free radical polymerization of at least one ethylenically unsaturated monomer or 
oligomer, which comprises (co)polymerizing the monomer or monomers/oligomers in the 
presence of an initiator compound of formula (I) according to claim 8 under reaction 
conditions capable of effecting scission of the O-C bond to form two free radicals, the radical 
•X being capable of initiating polymerization. 



12. A process according to claim 11, wherein the scission of the O-C bond is effected by 
ultrasonic treatment, heating or exposure to electromagnetic radiation, ranging from y to 
microwaves. 



1 3. A process according to claim 1 1 , wherein the scission of the O-C bond is effected by 
heating and takes place at a temperature of between 50°C and 160°C. 

14. A compound according to formula (II) 




(II) wherein 



Gi and G 3 are independently C 1 -C 4 alkyl; 
G 2 and G 4 are independently C 2 -C 4 alkyl; 

G 5 and G 6 are each independently of the other hydrogen or C r C 4 alkyl; 
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n is 1,2, 3, or4 
if n is 1 

Ri is H, straight or branched C,-C..alkvl rr* . ~ 

-substituted orsubsttued, by on ^^^^ ™> * 

C s -C, 2 cyc.oa, ky , or C^cyc^eny,; ' ' ^ ^'^carbony,; 

Phenyl, C^phenylalkyl or naphthyl which may be unsuteHh^ . 

more C^alkyl. halogen OH C -C a. k0 w 1 UnSUbst,tuted or substituted by one or 

-C(0)-C -c 1m ^a'koxy, carboxy. C.-C.alkoxycarbonyl; 



if n is 2 



orx» We „e; ^ °".C,-^oxv. oarboxy. C,*.a,Koxyca,bonv,: 



R, 8 a bisaoyi radical of an aOphaae dioartoxylio add having 2 ,o 36 cart™ , 

or aron* dica^o acid ^ — - 



if nis 3, 



15. A polymerizable composition, comprising 

a) at least one ethylenically unsaturated monomer or oligomer, and 

b) a compound according to formula (II) 



BNSOOCi^wo 02,0083,*,.,., 
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O — N 




Y R, 



(II) wherein 



n 



G 1( G 2l G 3 and G 4 are independently C r C 4 alkyl or G, and G 2 together and G 3 and G 4 
together, or G, and G 2 together or G 3 and G 4 together are pentamethylene; 
G 5 and G 6 are each independently of the other hydrogen or C r C 4 alkyl; 

n is 1,2, 3, or 4 

Y is O, NR 2 or when n is 1 and R, represents alkyl or aryl Y is additionally a direct bond; 
R 2 is H, C r C 18 alkyl or phenyl; 

if n is 1 

R, is H, straight or branched CrC ia alkyl, C 3 -C 1B alkenyl or C 3 -C 1B alkinyl t which may be 
unsubstituted or substitued, by one or more OH, C^-Caalkoxy, carboxy, CrCealkoxycarbonyl; 
C 5 -C 12 cycloalkyl or C 5 -C 12 cycloaIkenyl; 

phenyl, C r C 9 phenylalkyl or naphthyl which may be unsubstituted or substituted by one or 
more C^Cealkyl, halogen, OH, C^Caalkoxy, carboxy, C r C B alkoxycarbonyl; 
-CP^CrCsealkyl, or an acyl moiety of a a,p-unsaturated carboxylic acid having 3 to 5 carbon 
atoms or of an aromatic carboxylic acid having 7 to 15 carbon atoms; 
-S0 3 -Q*, -PO(OQ*) 2 , -P(0)(OR 2 ) 2> -S0 2 -R 2 , «CO-NH-R 2 , -CONH 2 , COOR 2 , or Si(Me) 3 , 
wherein Q* is H + , ammnonium or an alkali metal cation; 

if n is 2 

R, is C r C 18 alkylene, C 3 -C 18 alkenylene or C 3 -C 18 alkinylene, which may be unsubstituted or 
substitued, by one or more OH, 0,-Cealkoxy, carboxy, C r C 8 alkoxycarbonyl; 
or xylylene; or 

R t is a bisacyl radical of an aliphatic dicarboxylic acid having 2 to 36 carbon atoms, or a 
cycloaliphatic or aromatic dicarboxylic acid having 8-14 carbon atoms; 
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if n is 3, 

an(J S 3 lriValent ^ dical of an a ''Phatic, cycfoafiphatic or aromatic tricarboxylic acid; 

c) a source of free radicals. 

16. A composition according to claim 15 W h«, m ;„ «. 

an amount of from 0.01 J, /o **** " " ^ h 

. based on the monomer or monomer mixture. 

17. A composition according to claim 15 wh e r a ,-„ . 

amount of from 0.0, mo,- % ,o 20 Z% "*"' — * "»« ■> - 

mol * , baaad on tha monomer or monomar mixture 

°«gomar, which (co) J* " *»'"*■* ""saturated monomar 

*• "** «*■ - «N potymerizTn ** 3 ^ * frM 

^^^^^^r^on^^,,^,^^ 



or 
or 











I 
















attached a group '\ 








I 


X G 4 



wherein the substituents are as defined 



in claim 8. 
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21. Use of a compound of formula (I) or of a compound of formula (II) together with a source 
of free radicals for the controlled radical (co)polymerization of ethylenically unsaturated 
monomers. 



22. An improved process for the preparation of a compound of formula (I) 




compound of formula (XI) R r Y-NH 2 (XI) wherein the substituents have the meaning as 
defined in claim 8, characterized in that the compound of formula X is firstly treated with an 
acid or base catalyst or the acid or base catalyst is added during the imine forming reaction. 
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